KINEMATICS.                             ^
the circle of which this projection is taken ma^ dearly be found so as to fulfil the condition of having the projections of the ranges coincident with any two given mutually bisecting lines. Hence any two given simple harmonic motions, equal or unequal in range, and oblique or at right angles to one another in direction, provided only they differ by a quarter period in phase, produce elliptic motion, having their ranges for conjugate axes, and describing, by the radius-vector from the centre, equal areas in equal times.
83,   Returning to the composition of any number of equal simple harmonic motions in lines in all directions and of all phases'. each component simple harmonic motion may be determinately resolved into two in the same line, differing in phase by a quarter period, and one of them having any giyen epoch.    We may therefore reduce the given motions to two sets, differing in phase by a quarter period, those of one set agreeing in phase with any one of the given, or with any other simple harmonic motion wo please to choose (i.e. having their epoch anything we please).
All of each set may {§ 75) be compounded into one simple harmonic motion of the same phase, of determinate amplitude, in a determinate line; and thus the whole system is reduced to two simple fully-determined harmonic motions differing from one another in jiha.se by a quarter period.
Now the resultant of two simple harmonic motions, one a quarter of a period in advance of the other, in different lines, has been proved (§ 82) to be motion in an ellipse of which the ranges of tho component motions are conjugate axes, and in which equal areas are described by the radius-vector from the centre in equal times, Hence the proposition of § Bo.
84.   We must next take the case of the composition of simpla harmonic motions of ttiff'trfttt periods and in different lines.    In general, whether these lines be in one plane or nol, the lino of motion returns into itself if the periods are commensurable; and if not, not.   This is evident'without proof.
Also we see generally that the composition of any number of simple harmonic motions in any directions and of any periods, may be effected by adding their components in each of any three rectangular directions. The final resultant motion, is thus fully expressed by formulae giving the rectangular co-ordinates as 'complex harmonic functions' of the time.
8&, By far the most interesting case, and by far the simplest:, Js that of two simple harmonic motions of any periods, whose directions must of course be in one plane.
Mechanical methods of obtaining such combinations will be after-ward^deseribed, as Veil as cases of their occurrence in Optics and Acoustics.
We may suppose, for simplicity, the two component motions to takeu^.tta diainclejs, and in \vhi< h thr tadr.r^ vcilor frou» the < cnt;r (%-%•-u!*'--» Ctpjal  areas (beii»tf   the pEtijr« tunia of the arc^s dr-.» nbni by the sradius of the circle) in coaxial tuaci.    But the plme and |<uwtu«i of
